Multi-criterial analysis under the current use of digital geographic data is a quite common method used to evaluate the influence of the geographic environment on a planned or ongoing activity. The advantage of this method is a possibility of complex evaluation of all influences as well as a possibility to observe how the individual influences manifest in the final result. Its critical moment is establishing the structure of individual factors that influence the given activity, setting their weights and, subsequently, a choice of a suitable user function. The article provides guidelines how to set the individual decision-making criteria including setting their weights, and the application of the resulting user function in GIS environment with regards to the problem solved. Furthermore, the influence of change in weights of criteria on the complete result of the analysis is discussed. This article documents detailed studies that show how the results of solutions can differ in the same analytical task based on change in the weights of individual criteria. These studies are documented on a model example of a chosen suitable place for the deployment of decontamination center. Finally, the article describes possibilities of further development of the model solution, with the aim to make it a verified tool that may be implemented in the systems of command in Fire Rescue Service units and Chemical Troops units of the Czech Army.
Introduction
Information support of the Rescue System units, as well as Armed Forces, uses control systems for their activities that are mainly based on information and communications systems technologies. All systems require sufficient information support for the needs of quick and maximally effective decision-making. That is the reason for implementing procedures using digital geographic data (DGD) as a basic background for localization of subjects and objects of a critical situation in an area where the situation is taking place. This data, however, is also used as a source of information for modelling the impacts of current or expected actions on the complete situation, for projecting future intentions and their planning etc. In all cases, it is necessary to have the knowledge of the quality of the used DGD and of the influence of this quality on the complete decision-making process [1] .
Within decision-making processes, commanders and staff may follow-and they often do-their own intuition and experience, for which they basically do not need any detailed analytical background. However, in case of operations of a larger extent solved in larger areas, they cannot work without so-called structured decision-making processes that are based on standing operational procedures (SOP) and on the rules of their use [2, 3] . Decision-making processes in the environment of information and communication technologies (ICT) are above all structured processes. These processes often use the method of multi-criterial analysis (MCA). It is also true for procedures during which the influences of geographic environment on the performed activity are analysed, or when influences of the performed activity on the geographic environment are analysed [4, 5] . The whole procedure of MCA is influenced by the choice of individual factors, by defining criteria for their evaluation, by the methodology used for setting weights of these criteria and, finally, also by the choice of a suitable form of the resulting user function.
In order to perform such analyses, it is necessary to have corresponding DGD that enable the subjects of the decision-making processes (commanders and staff) to evaluate the influence of geographic environment on the fulfillment of tasks. This is an evaluation of factors of geographic environment, i.e. the evaluation of influence of partial elements of this environment on the performed activity, and subsequently the evaluation of the complete influence of the environment. For these analyses, it is possible to use general tools for work with DGD that are a part of large program systems, e.g., ArcGIS [6] . Partial analyses of individual factors, as well as the complete analysis, may be carried out as process models whose output are raster files, in which the value of a raster cell is a classified influence of a partial factor or all factors on the given activity. Such raster files are usually called a cost map.
The output of the MCA application are partial cost maps for the individual criteria and a resulting cost map that is created using the given user function. Partial cost maps for the individual criteria and the resulting cost map are limited not only by the process used for their creation, but also by the quality of the used data.
A cost map as a product of MCA is a result of modelling over geographic data, and that is why it can never be the only basis for making decisions. The importance of the MCA is that above all it reduces individual approaches to the evaluation of the influence of geographic environment on the given activity. By an implementation of MCA into SOP for solving the assigned task, the commander gets objective information about the influence of the geographic environment on the given task. The importance of the cost map then lies especially in the characteristics of the given space in terms of suitable and unsuitable conditions for the given activity.
The quality of MCA strongly depends on the structure of criteria, system of their evaluation, methodology of setting their weights, as well as on the choice of their user function form. Even though there are general guidelines how to use the multi-criterial analysis in decision-making processes, it will always depend on the concrete process for which MCA is used. That is why it is essential to make a thorough analysis of the concrete process in terms of interfering factors that influence the solution, and to furthermore evaluate the mutual interactions of factors, and to set objectivized criteria and their weights to them that correspond to their importance for the complete solution. The last step is to set up suitable user functions. The resulting MCA must be thoroughly verified by an independent test, e.g., [7] .
The aim of the following text is to show possibilities of the use of DGD when solving a specific (model) case, using SOP and MCA application during the solution of a crisis situation. As a model example, the authors chose the task of selecting a decontamination site deployment to eliminate chemical accident consequences. This is designed to carry out decontamination of civilians after being contaminated by toxic substances. The result of the analysis is an evaluated potential of the countryside for the deployment of this site in terms of realization of input requirements that enable the commander of rescue units to increase efficiency of the whole decision-making process, and subsequently to also increase efficiency of the used forces and equipment designated for the operation.
The text structure is chosen in such a way that it shows the theoretical basis of the use of MCA, and its practical application in GIS environment, including the presentation of how the change in MCA parameters influences the result of the complete analysis. The model example is not a final and verified application, but only a case study for the Fire Rescue Service and Chemical Troops units of the Czech Army.
Multi-Criterial Analysis in Decision Making Process
Multi-criterial analysis is a general tool that takes into consideration various points of view on the given problem [8] . These points of view looked at using factors that influence the complete state of result. Its advantage is that it works with factors that can be measurable as well as non-measurable. In order to make it possible to work with both kinds of factors (i.e., with measurable as well as with non-measurable), these factors are expressed with the help of criteria. Possible alternatives are then evaluated according to several criteria, while the alternative evaluated the best according to one criterion is usually not the best evaluated according to another criterion.
Criteria may be quantitative or qualitative. Quantitative criteria are usually expressed in natural grades, while for qualitative criteria a suitable scale is introduced, e.g. classification scale or a scale such as: very high, high, average, low, and very low. At the same time the direction of a better evaluation is defined, i.e. if maximal or minimal value is better, i.e., increasing or decreasing values. Approaches to multi-criterial decision-making vary according to the character of a set of variants or a set of allowable solutions. With regards to the fact that the individual criteria are in their nature either maximizing or minimizing, it is necessary even before the beginning of the evaluation to transfer them to only one type, i.e., either all criteria to be maximizing or minimizing.
Standard techniques of multi-criterial decision-making are considered to be non-spatial, because their basic presumption is homogeneity of the studied environment. However, if the methods of a multi-criterial analysis are used when working with spatial (geographic) data, this presumption is unreal because the concrete values of the evaluation criteria change in space.
A spatial multi-criterial decision-making analysis then represents a significant deviation from the conventional multi-criterial decision-making analysis due to the presence of the spatial element. The spatial multi-criterial decision-making analysis requires data both corresponding to the evaluation criteria as well as geographic localization of alternatives. Data are processed with the help of GIS tools and multi-criterial decision-making. The spatial multi-criterial decision-making analysis is a process that combines and transforms geographic data into a resulting decision that is usually visualized in the form of raster files, in which the value of each pixel corresponds to the resulting value of the multi-criterial analysis. These values are often called cost, and the complete raster file is then called a cost map.
The methods of a multi-criterial analysis are used in the preparation of background for decisionmaking to prepare and control operations of units that move in real terrain. Therefore, it is largely used, e.g., within the rescue units of the Integrated Rescue System or in the Armed Forces. Results of such analyses are then implemented in the control systems. If the control system is based on technologies of information and communication systems (ICT), then also the MCA results are transferred to the control system in an electronic form within online or even offline connection.
The resulting cost map can be projected separately. However, it is usually consider as a thematic layer displayed on a raster image of topographic map, and then the cartographic rules for thematic mapping must be accepted [9, 10] .
Methodology of Procedure of Spatial MCA Realization
As it was mentioned in the introduction, decision-making is a process that involves a large number of activities, starting with a recognition of the task, ending with a formulation of the resulting recommendation. It has been proven that the quality of decision-making relies on the order in which the individual activities are done. All decision-making tasks begin with a task recognition and definition. The content of the task is thus actually a discovery of the difference between the current and required state of things.
Once the task is defined, it is followed by forming evaluation criteria. This step involves finding all goals that describe all parts relating to the decision-making task and finding all means for reaching of these goals. The found means are called attributes. Ratio scales for all attributes should be set in this step, too. Each criterion should be complex, measurable, unambiguous, and comprehensible.
Evaluation criteria are connected by geographic objects and relations among them and that is why they may be displayed in the form of criterial maps. There are two kinds of criterial maps-a map evaluating criteria and a map of restrictions. Maps evaluating criteria display a certain attribute that may be used for an evaluation of an alternative. These maps are also introduced as attribute maps. A map of restrictions displays restrictions of attribute values. Both criterial maps are analytical.
For a spatial multi-criterial analysis, each criterion should be displayed with the help of map layers. The analysis requires the values contained in the individual layers to be convertible into unified units. An example of the simplest conversion of rough data into standardized units is a linear scale transformation. Each value of a set of values is divided by the highest value of the set. The higher the standardized value, the more positive value of a criterion. Most real decision-making tasks have their restrictions that are given by characteristics and the quality of the used DGD.
Creation (formulation) of alternatives follows? The basic rule that is necessary to keep when creating alternatives is to make them reach evaluation criteria of decision-making tasks as best as possible.
The level of importance of the given criterion is expressed by the criterion weight. One of the basic methods how to assign weights is the ranking of criteria according to importance. Weights must be normalized so that their sum equals 1. Weights of criteria may be calculated, e.g., with the help of ranking or criteria evaluation. One of the simplest methods is a method using ranking and sum. Based on this, the normalized weight of wj j-criterion is defined as follows:
where n is a number of criteria (k = 1, 2, ..., n), and rj is a position of ranking of j-criterion.
As each person or a group of people involved in the decision-making process has specific priorities, it is logical that the results of the analysis will always be unique.
In order to get the complete evaluation, the alternatives must be unified in terms of the used units and value scales. This is done with the help of a suitable decision-making rule or a unifying function. Decision-making rules define how to rank the alternatives from the most suitable to the least suitable one. For spatial multi-criterial analysis, one of frequently used methods is simple additive weighting (SAW). Multi-criterial decision-making technique consists of assigning each alternative a sum of values, each one associated to the corresponding evaluation criterion, and weighted according to the relative importance of the corresponding criterion. In particular, the method is based on weighted average concept. The weights are assigned to each criterion and then the criterion is multiplied by the weight. Then all criteria are added up together and the alternative with the highest value is marked as the most suitable. Since a criterion is represented with the help of map layers, the method of overlay is used, in map algebra language it is a function LocalSum.
Setting the weights of criteria is one of the key problems of all models that use multi-criterial analysis. Weights of the individual criteria may significantly influence-and they do-the result of the decision-making process. Among the methods based on pairwise comparisons we can name the analytic hierarchy process (AHP) method [11, 12] or the DEMATEL method [13] and the best worst method (BWM).
Moreover, in a recently published article [14] , a new multi-criteria problem solving methodthe full consistency method (FUCOM)-was proposed. The model implies the definition of two groups of constraints that need to satisfy the optimal values of weight coefficients. This new method was tested on several numerical examples from the literature, and the obtained results show that FUCOM provides better results than the BWM and AHP methods, when the relation between consistency and the required number of the comparisons of the criteria are taken into consideration.
However, the example is only a part of a case study. The authors used the simple additive weighting method. Now they are already working with the results of the article [14] and they are trying to use this new method for verification of their conclusion and/or obtaining better results of MCA in a way that the subjective influence when setting criteria will be subdued.
The next step in the whole procedure is a sensitivity analysis whose aim is to set the robustness of the complete solution. The sensitivity analysis sets whether the recommended alternative to the decision is sensitive to changes in input data. Its goal is to identify the efficiency of the change in input data (geographic data or priority of those who do the analysis) and what changes it induces in the results, recommendations and consequences. If the changes do not have a significant influence on the analysis results, then the ranking of alternatives is considered to be robust. If it is not the case, it is possible to use the newly acquired information and go a few steps back. The sensitivity analysis may help the researcher to better understand the task and the individual elements, and thus contribute to the choice of the best variant of the decision.
The last step of the analysis is a formulation of a recommendation for future proceeding. This recommendation should be based on the previous steps and may be supplemented also with an analysis of possible consequences of a concrete decision.
Application of Multi-Criterial Analysis for Solution of a Concrete Geographic Problem
In order to illustrate the previously mentioned theory, the authors chose a simple example of searching for a suitable deployment location of a standardly understood place of decontamination designed to realize decontamination of civilians and vehicles after being contaminated by toxic substances. The example is based on a real standing operational procedure that is used by the rescue units, and in a similar way also by the decontamination units of Chemical Troops of the Armed Forces. For the purposes of this article, the procedure was simplified so as to show the applied methodology of MCA and its application in a solution of a spatially analytical task. In the figures below, there are examples of a decontamination site acquired during exercise in 2015 ( Figure 1 ).
Figure 1.
Examples of the decontamination site [15] .
When decontaminating and removing the consequences of mass destruction weapons abuse and dangerous industrial substances abuse, one of the decisive factors of the operation's success rate is an evaluation of the influence of geographical environment on the activities related to the fulfilling of the task [16, 17] . The geographical environment may accelerate, or on the contrary postpone, the time of initiation of the action and its completion time, thus influencing the whole operational effectiveness of the combat activity. Therefore, it is essential for the intervention commander-or the Chemical Troops unit-to have accurate and detailed information about the geographic environment, especially in a case when the action must be carried out in a vast area that is not known and explored in advance. Such an action may be, for example, decontamination of civilians after the use of weapons of mass destruction, or a consequence of leakage of dangerous industrial substances after an industrial infrastructure device accident, or an extensive use of extermination agents causing the occurrence of biological contamination [18] [19] [20] . Among the background information that a commander may get is also the evaluation of the influence of the geographical environment on a specific activity that shall be carried out within the decontamination action. A suitable method when evaluating the influence of geographical environment is a multi-criterial analysis and use of digital geographic data. The paper presents the methodology of the use of multi-criterial analysis using digital geographic data and gives guidelines how to set the individual decision-making criteria, including setting their weights and application of the resulting utility value function in GIS environment with regards to the solved problem. It also evaluates the influence of change in criteria weights on the complete final result of the analysis. There are detailed studies of differences in solution results of the same analytical task with changed weights of the individual criteria, and these studies are documented on a model example. Finally, this paper describes possibilities of further development of the model solution with the aim to transform it into a verified tool that may be included into the control system of Fire Rescue System and units of Chemical Troops of the Czech Army.
The model situation describes a case when there was a chemical substance leakage into the environment in a given space with the dimensions of 40 x 40 km [21] . It is considered to be such a toxic substance that it requires individual protection before the process of decontamination begins. This means it must be present in the terrain and will thus require planning, organization, and fulfillment of tasks of decontamination of terrain [22] [23] [24] . Based on monitoring of the meteorological situation in the place of incident (leakage, accident), an impact area and an endangered area were defined [25, 26] . Apart from these spaces, it is necessary to find suitable places for the deployment of decontamination site (DS) according to the following conditions [27] :
• slope inclination up to 5°;
• sustainable soil for the movement of special chemical equipment in the long-term;
• as close as possible to paved communications;
• away from forests;
• as close as possible to water sources;
• with regards to possible contamination of unaffected population should be away from resident areas;
• area of approx. 2.5 km 2 ;
• abundance of water source; and • with suitable access and exit communications.
The abovementioned conditions are established as optimal. The choice of a particular area then depends on the size and shape of the selected area and the variability of the slopes. An on-site survey is required before the deployment techniques and technologies for the decontamination are used.
In case there is no water source in the chosen locality, it is necessary to plan the transport of water from the nearest water source with the help of special chemical equipment that uses a special add-on on a standard chassis of a truck, under the following conditions:
• as short driving distance to a given water source as possible;
• the vehicle must get to the source to the distance of maximum 10 meters as it is not equipped with longer suction hoses for pumping of water;
• passable terrain for a vehicle, also in case it will need to move in terrain with full tanks; and A geographical problem is to select suitable places in the given locality outside the impacted and endangered area where it would be possible to place the mentioned decontamination site so that in the given area this facility was functional and the terrain configuration would not restrict it or restrict it in an acceptable way [27] [28] [29] [30] . The following text provides a description of the procedure when solving this model example.
The goal of the solution (task definition) was to search for places that meet conditions for the given space. These conditions are minimal dimensions of an area for distribution of elements (workplaces) of DS, maximal inclination of slopes, soil able to bear movement of equipment, corresponding distance from communications, water bodies, resident areas, and it must be away from forests and, at the same time, away from the contaminated and endangered areas.
First of all, it was necessary to understand the factors that influence the complete solution of the problem and form these structures into a clear structure. With the individual factors, it was necessary to choose evaluation criteria and set their weights. In this case, the choice of a suitable place was influenced by factors of terrain elevation, its soil surface, communication conditions, vegetation cover, hydrological conditions, resident areas, and area of DS [31, 32] . Even though water sources are also evaluated in terms of their abundance within SOP, this evaluation was not considered in the model example due to complicated access to relevant data. That is why this factor was not included in the analysis.
While solving the model example, it was required that the chosen space would be in a relatively flat terrain, on a suitable soil that is sufficiently bearable for the used equipment, within the reach of communications, in a treeless area and close to substantial water sources, and also far enough from resident areas. The individual factors were evaluated by measurable or classifiable criteria. The following criteria were used in the following example ( In case the water source was located outside the proposed workplace, it was also necessary to evaluate the possibilities for the transport of water from the nearest water source. A multi-criterial analysis was also used to model the possibilities of transport. However, this analysis is already a part of the solution for terrain passability described, for instance, in [1, 32] .
When solving a real situation, interactions among the individual factors must also be searched for. In this simplified example, however, it was not necessary, apart from one exception in the last factor (size of the chosen area), to evaluate mutual relations among the individual factors, as the individual factors are independent of each other. Their influence on the solution of the problem may be therefore determined separately. That is why the complete hierarchy of the process solution conditions could be expressed in the form of a hierarchical scheme (Figure 3) . The influence of the individual factors may be evaluated from various data which, however, should be of the same qualitative characteristics if possible, especially the level of detail (LOD) for geometry as well as for their attributes. The used data layers may be of vector, as well as raster format, containing necessary data in various data types. That is why it is essential to identify how these data will be used for each evaluation criterion. For each evaluation criterion, minimal values of criteria are set to positively evaluate the given factors in the complete solution model of solution of the given problem. The whole procedure of the factor influences evaluation may be processed in the form of process models.
The first factor-the factor of terrain elevation-deals with the requirement for relatively flat terrain. When searching for suitable localities, it is necessary to create a map of relief inclination [33] . The process model will then contain a calculation of slopes inclination, where the input data layer will be a digital elevation model.
The second factor deals with a soil type. In the place of decontamination site, there will be a large number of people and vehicles moving on a surface that will also be wetted by rinse water (contaminated water is captured so that there is no threat to the environment and after the decontamination it is ecologically disposed of). It is necessary to decide what soil, in terms of soil type, is suitable for the activity in the given space [34] . As the most suitable it seems to set a hierarchy from the most to the least suitable one. For the evaluation itself, it is possible to use typing of soil types contained in the digital soil map.
The third factor deals with the distance of communications from the potential places of DS dislocation. For DS, it is important to be-if possible-within the reach of the communication network and for the vehicles to move on an unpaved surface as little as possible. That is why it is necessary to create a map of distances to the nearest communication. Therefore, the model will contain a process of distance calculation for which the input data layer will be a communication network.
The fourth factor deals with the influence of vegetation, especially of forest covers. For the deployment of DS, continuous treeless area with given minimal dimensions and area is ideal. In this step, a map of treeless areas with information about their size will be created. Therefore, the model must contain a process of search for treeless areas whose input data will be a layer of vegetation.
The fifth factor deals with the distance from suitable water sources. Technologies used in DS require a large amount of water for the preparation of decontamination blends and then also for rinsing of especially decontaminated vehicles. The most suitable places are, therefore, localities which have the needed source within the reach of suction hoses of units designed for decontamination.
If there are no water sources in the place, then it is essential to find these sources in the nearest surroundings of DS. That is the reason the next step is to create a map of distances from surface water sources. The model will contain a process of calculation of distances to water sources for which the input data layer will be a layer of waters.
The sixth factor evaluates the influence of resident areas. DS should be located outside of resident areas in order to avoid secondary contamination of civilians. Thus, the model must contain a process for searching distances from settlements for which a layer of built-up area will be its input data.
The last factor is a corresponding size of area. This factor is evaluated at the end of the complete analysis, when all preceding factors have been evaluated and when it is possible to say what dimensions the suitable localities should have. Suitable localities are sorted according to their value from a cost map and at the same time according to the size of a continuous area with a given cost range of all cells inside. The resulting cost map works as input data for this process.
Based on an analysis of factors and criteria of their evaluation, a process scheme was created. It contains basic conditions as well as input data, processes, and outputs ( Figure 4 ). 
Obtained Results
The multi-criterial analysis itself was realized when evaluating the individual factors influence on the suitability assessment of the given space for the DS deployment, i.e., a search for alternatives.
Setting of Weights of Factors
Based on an expert estimation of seven workers who deal with conditions of decontamination in real life, the importance of the individual factors influence-with the exception of the corresponding size of a chosen area-was set as a normalized value (Table 2) . Expert estimation was gained from a guided discussion with the above-mentioned workers. Finally, all participants completed a questionnaire in which they ranked the importance of the individual factors using Equation (1) . A similar example of the use of expert evaluation can be found in [35] . 
Realization of the Analysis
For the model example, it was used: position model DMÚ25 [36] , elevation model DMR4 [37] and Purpose-built Soil Database-PSD [38] . All analysis were done using program system ArcGIS 10.4.1 [6] including additional modules (Extensions). For all calculations it was chosen to use geodetic coordinate system WGS84 and projection UTM33N. When it was used with raster files, the pixel size of 10 meters was used [39] .
In the phase of the realization of the analysis, a choice of suitable tools for partial analyses of influences of the individual factors and for the evaluation of the complete influence of all factors was considered. Furthermore, classification of acquired information was also considered so that it was possible to classify this information in a unified evaluation scale.
The whole procedure of the solution can be shown on a simple flow chart ( Figure 5 ). The tool Slope was used for the calculation of slope inclinations. The calculation gave a raster file of slope inclinations, in which the slope inclination is given as a value of the given pixel. A tool for calculation of Euclidean distance was used for the calculation of distance, whose output is again a raster field. The value of each pixel in this field is a Euclidean distance of a pixel centre from the nearest source, e.g., communication, water course, body of water, forest, etc. The following pictures show examples of cutouts from a raster layer of slope inclinations (Figure 6a ), distance to communications (Figure 6c ), distance to waters (Figure 6e ), and to built-up areas (Figure 6f) . For the analysis of soil suitability codes of soil type from a database of soils [38] were used which contains classifications of soil types according to Table 3 . Table 3 . Codes of soil types according to [38] . Not defined Flat objects of soil types were transformed by a conversion function from a vector format into a raster file, in which the value of a pixel is a code of soil type. The result of such transformation is obvious from a picture (Figure 6b) . Similarly, a raster file from a vector layer of vegetation was taken, in which a value of a pixel is a code of vegetation type given in the table (Table 4 ). An example of visualized data can be seen in the picture (Figure 6d ). No vegetation Values of pixels in all input layers were changed into a raster file by a method of their transformation. That is why it was necessary to set a way of usage of these values in terms of their influence on the complete analysis. One of the ways how to reach this is to assign number values to classes in each map layer, i.e., reclassify them.
During reclassification the values of pixels of each layer were divided depending on the extent of suitability for the given purpose. The division was done in a way so that the original values were put into ten classes where numbers 1-10 were new values of the individual pixels. Number 10 represented the best value and number 1 on the contrary the worst value. Based on the character of the raster file content, the method of automatic or manual scaling was chosen.
Automatic scaling into 10 levels of suitability was chosen with all layers that reached the value of Euclidean distance. In case of slope inclination with regards to the condition for the activity of DS only two levels were chosen: 10 for places with slope inclination up to 5° and 1 for other values. With respect to the directive [27] all the terrain less than or equal to 5° is equally appropriate for DS.
Manual scaling was chosen for classification of enumeration (nominal) value, i.e., for the reclassification of types of soil and vegetation. In the model example in terms of soils, places with light soil are suitable, or also lighter moderate soil, less suitable are places with moderate, stronger moderate, and strong soil [34, 40] . Unsuitable places are those where in terms of surface coverage there are identified built-up areas outside of villages and bodies of water. The used values are given in the table (Table 5) . [41, 42] . These values are added in the table (Table 6 ). Table 6 . Codes of vegetation types and their suitability for deployment of DS.
Code
Vegetation
In reclassified classes the individual pixels have the same influence on the result and they differ only internally by their value. However, since each individual evaluation criterion has its own weight (Table 2) , it is necessary to apply these weights in the final multi-criterial analysis. By the application of MCA in the GIS environment a so-called cost map is calculated. It is created by a combination of the partial reclassified files. The input criteria are multiplied by the weights and then added together. For the calculation itself it is possible to use tools of map algebra or weighted overlay (Figure 7) . The final result of a process model is shown in the next picture (Figure 8 ). The resulting cost map only presents potential of the countryside for the deployment of decontamination site. The intervention commander, however, needs information about the size of available areas with the required characteristics that lie outside the impacted and endangered area. That is why it is necessary to transform the cost map from a raster into vector format. This transformation provides polygons whose attribute will be a value of suitability for deployment of DS and at the same time also areas of these polygons.
In the next step, all polygons with the highest value suitability and at the same time with a corresponding area for deployment of DS which are larger or equalled 2.5 km 2 are chosen. If such areas are not found, it is necessary to decrease the requirement for the level of suitability and make a required choice again according to area.
The final step of the complete analysis is to choose from those potential places that are inside the impacted and endangered zone. Only then this analysis gives the intervention commander the information about possibilities of deployment of DS and then it is his/her decision which places to choose with regards to the whole situation in the secured space.
The mentioned steps were applied to the model example. After the transformation of the cost map into a vector format required polygons were provided. However, in the subsequent analysis it turned out that none of the areas with a higher value of suitability for the deployment of DS-which was 10-did not meet the requirements regarding its dimensions. That is why the requirement for suitability was decreased and it was searched for places that had the value of suitability 9-10. From these chosen polygons function Erase removed such polygons that lay inside of the impacted or endangered zone. The result of the complete analysis can be seen for the complete range of secured area ( Figure 9 ) and then also in detail (Figure 10 ). Based on the detail review of the resulting analysis it is possible to identify that the chosen areas do not meet 100% of all original requirements due to the features of MCA itself but also due to the quality of the source geographic data and methods of their reclassification. If the model example was to apply in real life, it would be necessary to verify the results of the analysis for the quality of used DGD and methodology of MCA. During this verification it is necessary to observe the influences of a change in quality of the source DGD on the carried out analysis as well as influences of a change in weights of the individual criteria in the MCA itself and the used decision-making rule or unifying function. The final verification of the suggested procedure, however, shall be realized directly in the real environment.
Due to the extent of the text, the following paragraph deals only with the methodical approach to the evaluation of an influence of a change in weights of criteria of a multi-criterial analysis. Other characteristics of the analysis did not change.
Influence of A Change in Weights of Criteria of MCA on a Spatial Analysis
In order to prove the sensitivity of the solution to the choice of priorities of the individual factors, weights of the individual factors were set based on consulting workers dealing with the theory of decontamination and their experience. The original normalized values of factor weights found based on expert estimation of workers who deal with conditions of decontamination in practice were stated in a table (Table 2 ). This table was complemented with new weights that reflected the attitude of decontamination theoreticians. Weights of factors by theoreticians were set exactly the same way as weights of factors set by eleven experts. Both groups of weights are given in the table (Table 7) where the groups are marked as "Weight of factor-Experts" for the workers from practice, and "Weight of factor-Theoreticians" for the workers from the field of theory. Using the weights by theoreticians, a new multi-criterial analysis according to the same process model that was described in paragraph 3.1 was made. The result of the MCA was again a cost map with potential of a countryside for the deployment of DS.
The next step compared both cost maps, with weights by experts from practice as well as with theoreticians'. For the comparison only areas with a maximal possible potential for the deployment of DS were chosen (i.e. the value of suitability 10, then 9 and, subsequently, 8). The sizes of the gained areas were compared by consistency, then areas identical in both variants were searched for.
As it was already stated, in the first variant areas whose value of suitability was 9-10 were chosen. Their complete size was 220.0 km 2 , which accounts for 13.75% of the complete area of the area of responsibility (AOR). In the second variant that worked with theoreticians' weights, however, there were no corresponding spaces found with the same values of suitability as with the experts. That was the reason why it was necessary to decrease the requirement for suitability by one level, it means to value 8.
The new range of values of suitability 8-10 corresponded-according to experts-to an area of 264.0 km 2 , which accounts for 16.50% of the complete area of AOR and the size of the area chosen according to the theoreticians was 340.6 km 2 , i.e., 21.29% of the complete area of AOR. The area of all corresponding places that were chosen by experts as well as theoreticians was 226.4 km 2 , which is 14.15% of the complete area of AOR. Both selections and common areas are shown in the pictures (Figure 11a -c, and Figure 12 ). The values of weights of criteria by experts and theoreticians differed at five out of six criteria. The resulting analyses enable to study how the differences in the evaluation of influence of the individual factors manifested on the complete result of the MCA, but it is not obvious how the changes in the individual weights contributed to the complete change of analysis result. Multicriterial analysis, however, enables to study also the influence of a change in the weight of two or several criteria on the complete result. This analysis may be used for instance when evaluating the influence of changes in characteristics of the used equipment in relation to its changed performance in practice which is for example dealt with in the application of value analysis [1] .
In order to find out a partial influence in the change of weights on the complete result of MCA, weights of two most important factors were changed, i.e., factor of terrain relief and waters. The mentioned changes may be caused, e.g., by the use of equipment with better driving conditions in terrain, which induces a decrease of weight of criterion of slope inclination. On the contrary, climate changes in Central Europe in the last decade have been causing lack of surface water and that is why the importance of water factor is increased. The values of the changed weights are shown in the table in column "Weight of factor-Variant 3" (Table 8 ). The same multi-criterial analysis was conducted with the weights of variant 3 and its results were compared with the results of the previous two analyses, while again only corresponding areas with the size larger or equalled to 2.5 km 2 and value of suitability 8-10 were compared.
By the change of these weights of factors of terrain relief and waters with consideration of values of area suitability 8-10, the resulting suitable area reduced to 219.3 km 2 , which accounts for 13.71% of the complete area of AOR. Such a result is logical and expected as the influence of waters prevailed over the influence of terrain relief. The final comparison of all results waited in finding an intersection of all corresponding areas from all three variants. All three variants cross on an area of 129.1 km 2 , which is 8.07% of the complete area of the secured space. The intersection in the secured area is shown in the picture (Figure 12 ).
Figure 12.
Intersection of all three researched variants for possible deployment of DS.
Discussion
Solving the model example showed possibilities provided by digital geographic data and spatial analyses when realizing geographical support of decision-making processes, it is especially necessary to solve expert tasks on an area of large extent. It also showed an approach for the use of general theory of multi-criterial analysis when solving spatial analyses. Methodical procedures were exactly presented and documented while analysing a geographic problem and the way of its solution following the requirements of future users of the solution result. Furthermore, procedures of application of MCA for the solution of a geographical problem while preparing background for the whole decision-making process were explained and also the article introduced the way of evaluation of a change in the influence of partial factors on the complete result of MCA.
Solving the model example at the same time documented the possibilities to use geographic analyses based on MCA in geographical support of decision-making processes. Both units that are primarily designed for the protection of civilians and soldiers still for these and similar analyses use mainly paper maps or simple analyses processed over scanned maps.
The case study has proved that if they used analyses performed over digital geographical data with the application of methods of multi-criterial analysis, the whole decision-making process would become more effective. Subsequently, it would also lead to the increase of efficiency when employing forces and equipment that are designated for the given intervention, in the model example for the deployment and use of decontamination sites. The increase of efficiency may be summarized in the following points:
• The intervention commander gets objectivized information about the potential of the countryside in the secured space in terms of completing his/her expert task;
• Objectivized information then saves time in making a decision because the commander does not have to deal with spaces that are not suitable or not enough suitable for the task;
• Objectivized information then also saves time for the units of radiation and chemical research that only need to go through the chosen suitable spaces; and
• The intervention commander may react more flexibly to the changing conditions that manifest by the change of factor weights. The solution of the model example, however, could not possibly cover all aspects that would be necessary to consider in the real conditions. Current meteorological conditions and their influence on the ability of soil to bear equipment were not considered (e.g., rainfall, air humidity, temperature, cloudiness, and length of sunshine). Furthermore, wind speed and direction were not considered, either. They have a decisive influence on the spread of dangerous substances in the air and the size of the impacted area.
The solution did not include conditions for the transport of material and especially water from water sources. So the solution did not deal with the questions of terrain passability even though this solution is basically functional for various military equipment [40] [41] [42] .
Within the solution of the model example neither the influence of the quality of source data on the result of the spatial analysis was evaluated. The solution used input data in the quality that is declared in the descriptions of the used data models [36, 38] . For the real use it would be necessary to evaluate the influence of the standard quality of source data in terms of their use and define which data characteristics do not correspond to the given task and in what ways it would be necessary to improve their parameters. Simultaneously, it would be necessary to evaluate how the influence of a change in data quality manifests on the complete result of the spatial analysis [1] .
The results of the analyses as a case study for Fire rescue system and chemical troops of the Czech Army were verified only with the use of independent data source from the production of the Czech State Administration of Land Surveying and Cadastre, Land Survey Office [37] and the Geographic Service of the Army of the Czech Republic [36] . For the verification of the partial cost maps earlier prepared studies concerning the quality of positional and elevation data were used, such as [1, [43] [44] . The resulting potential areas for the deployment of site were verified by the comparison to the reality with the help of Orthophoto of the Czech Republic [37] . This visual comparison was done together with experts of the NBC Defence Institute of the University of Defence, who evaluated the result of the case study as relevant and suitable for further development.
Conclusions
This contribution certainly could not cover all issues that occur while solving problems of geographical support of command and control systems. Its main goal was to show the problems of using digital geographical data within the solution of analytical tasks with applying of multi-criterial analysis. At the same time, a way how to continue in solving the task was indicated.
The whole final solution would also have to be verified by stress tests with workers who solve similar situations in practice, and also directly in terrain. It would be necessary to verify the results of analyses directly on the selected places and then to verify the whole model in terrain tests with the equipment and its operators.
It is necessary to deal with the mentioned problems in the next development of the solution so that there was a verified tool ready for use in practice. 
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